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Abstract: Medical technology has undergone major breakthroughs in recent years, 
especially in the area of the examination tools for diagnostic purposes. This paper 
reviews the swallowable capsule technology in the examination of the gastrointestinal 
system for various diseases. The wireless camera pill has created a more advanced 
method than many traditional examination methods for the diagnosis of gastrointestinal 
diseases such as gastroscopy by the use of an endoscope. After years of great innovation, 
commercial swallowable pills have been produced and applied in clinical practice. These 
pills can cover the examination of the gastrointestinal system and not only provide to the 
physicians a lot more useful data that is not available from the traditional methods, but 
also eliminates the use of the painful endoscopy procedure. In this paper, the key state-of-
the-art technologies in the existing wireless capsule endoscopy (WCE) systems are fully 
reported and the recent research progresses related to these technologies are reviewed. 
The paper ends by further discussion on the current technical bottlenecks and future 
research in this area. 
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1 Introduction 
 
Wireless capsule endoscopy (WCE) is an advanced technology for medical diagnoses of 
gastrointestinal diseases and illnesses. The idea was originally started in 1950 when a lot 
of research effort had been done to improve the diagnoses abilities using new 
technologies. Through the years, WCE has been given different names like, smartpill, 
wireless endoscopy, video capsule, etc. The very first attempts of WCEs, use transmitters 
with low frequency carrier and the diagnosis was based only from sensor’s data like 
temperature, pH, and pressure. With the technology evolution, WCEs could support more 
accurate diagnosis by combining small cameras with low resolution and the sensors’ data. 
For medical practice, capsule endoscopy was, introduced commercially by the 
Israeli company GivenImage, Inc. at 2009. The first capsules were designed for 
investigating the small bowel because it was hard to investigate with the traditional 
techniques. These commercial products were able to provide low resolution images at 
low frame rate. Nowadays there are capsules dedicated for specific investigation areas, 
such as esophagus (PillCam ESO) and colon (PillCam COLON). The most recent product 
of GivenImage, contains two cameras, (PillCam COLON) horizontally placed in the pill, 
one in the front of the pill and one in the back, and it can support up to 30 frames per 
second.  
The academic/scientific community has made significant contribution in the 
evolution of this technology and has come up with interesting products and ideas. The 
most common diseases that WCEs can diagnose are some types of cancer, Crohn’s 
disease and obscure gastrointestinal bleeding. By the use of WCE, tissue can be taken 
from specific areas for biopsy. 
The current WCE products can be categorized in different ways. The pills can be 
categorized by their function as drug delivery capsule, sensor capsule, camera capsule 
and the most hardware complicated category, robotic capsule which has parts for 
locomotion and electromechanical actuators for biopsy. 
In the drug delivery category, the pill is composed with a “drug delivery” system 
and a couple of sensors. The pill is programmed in such a way that it can deliver the drug 
due to sensors’ data in the Gastrointestinal (GI). In category of sensor capsule, the pill 
uses sensors and a wireless system to transmit the measurements to a host computer for 
further processing. The most common sensors are temperature, pH, pressure and oxygen. 
The camera capsule category, as the title says, contains one or more cameras and with the 
use of wireless communications schemes, transmits the images/video to a host computer. 
Most of them have the ability for real time image/video representation. The robotic 
capsule category is the most complex one that combines a lot of parts from the other three 
categories and has moving mechanical parts. 
The camera capsule has been gained more interests from researchers due to the 
evolution of technology on tiny size of cameras and microprocessors. Extensive research 
has been done to design and improve the existing systems to the next level. 
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Figure 2 
Figure 1 
In the rest of the paper, the key technologies in the existing wireless capsule 
endoscopy (WCE) systems are introduced in section 2. The state of the art research 
progresses in these technologies is reviewed in section 3. The paper ends by discussions 
on the current technical bottlenecks and further research in this area in section 4. 
 
2 Key technologies in WCEs 
 
The endoscopic capsules play a major 
role in the diagnosis of the 
gastrointestinal (GI). The traditional 
methods are painful for patients and is not 
possible to examine the entire 
gastrointestinal (GI). In order to achieve 
the high demands of medical diagnosis on 
the entire gastrointestinal track, higher 
performance wireless capsule must be 
used. 
A wireless capsule, despite its size, 
consists of a lot of electronic parts. There 
are sensors, the processing unit, the 
wireless transmission unit and the power 
management unit, which is usually 
integrated with the processing unit. 
In the part of the sensors, as mentioned before, various types are used like, pressure 
sensor, temperature sensor, inertial sensor, pH sensor, conductivity sensor and 
oxygenation sensor. For example with a pH sensor the detection of acidic reflux can be 
diagnosed, or with the electrical conductivity sensor the detection of non-acidic reflux 
can be diagnosed as shown in Figure 1. Both of these measurements can provide more 
information, for the final diagnoses, to the physicians.  
 
2.1 Sensors and vision equipment 
 
Normally every capsule contains one 
kind of sensor and can take 
measurements for up to 24 hours, like 
VitalSense ingestible telemetric 
physiological monitoring system, 
which is a pill that uses thermistor to 
measure the temperature as shown in 
Figure 2. Another way to measure the 
temperature is the way that the 
CorTemppill system utilizes. It uses 
the frequency oscillation of a crystal to sense the temperature. However there are 
capsules that contain more than one type of sensor. The Lab-on-a-Pill capsule is a capsule 
that can sense pH, conductivity, and oxygen levels. The abilities of these biosensors can 
provide useful information for the physicians. Apart from these sensors new techniques 
are researched for specific uses, like biopsy. By the use of light the WCE can perform an 
optical biopsy without the need of extraction of tissue samples, which in some cases may 
be impossible. 
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Figure 3 Figure 4 
Camera can be regarded as an image sensor. The pills that uses camera to diagnose are 
using state of art technology for capture, compression and transmission circuits. Just like 
the previous sensor, the camera’s characteristics are dependent on the investigating area, 
such as esophagus (PillCam ESO) and colon (PillCam COLON). For this sensor, two 
different ways of camera placement are observed, vertically to the pill and horizontally. 
In Figure 3, is an example of horizontal placement from GivenImagine, Inc. In Figure 4, 
an example of a vertical placement of the camera in the SAYAKA pill from RF System 
Lab.  
Due to the camera’s placement and an electromechanical system, that can rotate the 
camera, SAYAKA pill can take 3600 photos. The camera module has a resolution of 2 
mega pixels and a frame rate of 30 fps, a full rotation of the camera takes about 12 
seconds. The bottleneck of this system is the unstable speed of the capsule. Due to this 
problem, approximately the 70% of the gastrointestinal (GI) can be captured. Pills like 
this, with vertical placement of the camera, are used in the mapping of the entire 
gastrointestinal (GI) with high resolution images. To accommodate different functional 
requirements, the pills have different resolutions and frame rates. For example the 
Olympus pill has an HD camera module with a resolution of 1920 x 1080 pixels which is 
horizontally placed in the capsule and takes 2 frames per second. On the other hand, 
GivenImagin’s pill takes lower resolution images but at a higher frame rate. Table 1 is the 
summary of the most known WCEs from companies and universities. Two types of 
camera sensor are used, namely: CCD and CMOS. Most of the existing systems of 
camera pills are using CMOS technology camera sensor, except of Olympus 
EndoCapsule, that uses CCD. In the next table, the most known camera pills and their 
camera characteristics are listed. 
The resolution of the camera is not the only criterion for obtaining the best 
images/video. In the part of a camera module the optic lenses can take a serious 
Table 1 
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Figure 6 
Figure 5 
advantage in the final quality of the image/video. All the commercial products mentioned 
before have lenses with static angle of view. There is research in liquid lens and their 
electric control so the adjustment of the focal length can happen via electronics.  
 
2.2 Processing Unit 
 
All these sensors need control, so a 
process unit is used. It is the heart 
of the capsule that can handles all 
the data from the sensors. It 
converts the analog signals of the 
sensors to digital for further 
processing, also takes huge amount 
of data of the camera and 
compresses them so a low data rate 
wireless link can be used. A state 
of the art development system of 
capsule endoscopy  has been 
created and can achieve QVGA 
resolution images at 19.53 fps, the 
power consumption of this system is only 26 mA@1.8 V. At Figure 5 a prototype of this 
system is shown. It is obvious that the need of a high performance and low power 
consumption system is needed. The process unit must have low power consumption but 
at the same time it must handle all these data in a too small time. A novel design of a 
process unit, as we mentioned, has been made and has interesting characteristics. A VLSI 
design architecture of three-stage clock management is applied, so a power saving of up 
to 46% is obtained, compared to designs without this low-power technique. The main 
characteristics of this capsule design are the image resolution of 320x288 pixels at 8 fps 
and transmitted with a wireless link of 2Mbps bandwidth. The process unit has been 
implemented in 0.18- m CMOS process and it consumes only 6.2 mW (only the process 
unit).  
There are still a lot of challenges in the sensors inside. In the sensors of temp, pH, 
oxygen, conductivity, etc. the challenges resulting, are in the domain of the size mostly 
and in the accuracy. These types of sensors don’t need high sampling rate because the pill 
is moving too slow. But in an image sensor, or cameras, there are a lot more challenges 
that researchers need to provide a solution. 
For example, in these systems the need of 
clear and sharp images is obvious. So, a 
small camera with great characteristics 
(resolution, FPS, etc.) and optics is the area 
that needs to be improved. With high 
quality images, better diagnosis can be 
achieved.  
 
2.3 Wireless transmission 
 
The ability of the capsule to achieve high 
quality diagnostic results mostly relies on 
the wireless communication link and its 
characteristics.  
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Figure 7 
Table 2 
Endoscopic capsules have 
some characteristics which are 
unchangeable, like its size. It is 
obvious that with this small size 
the energy that can be stored, is 
too low. So, the power 
consumption is a big criterion 
for the design of the whole 
system and especially of the 
wireless link. The circuit for 
wireless transmission can be 
made by commercially available 
chips but in most cases the 
utilization of a custom solution 
is used due to the small size 
needed. The wireless link used 
in wireless pills can be categorized into two categories, the bidirectional and 
unidirectional. In most cases the use of a unidirectional link is implemented, since the 
reason is that the capsules are only transmitting the compressed data of the sensor/camera 
to the external device for further processing. A unidirectional wireless link proposed by 
Thoni et al  in Figure 6 is a novel design of a simple topology FSK modulation 
transmitter that can achieve up to 2Mbps of data rate and power consumption to as low as 
2mW at 1.8V. This was an example of a wireless unidirectional circuit used on the other 
hand there are also system with bidirectional links. The reason for using a bidirectional 
link is that there are some robot capsules that need to receive commands from outside the 
patients’ body. A design of a unidirectional wireless link has been made and has great 
characteristics as shown in Figure 7. It has an uplink up to 10Mbps and a downlink of 
10Mbps. Downlink and uplink are both configurable from 1Mbps to 10Mbps. It works in 
Ultra Wide Band (UWB) frequency area at 3-5GHz. Both transmitter and receiver 
consume only 10mW with a work cycle of 80-100% and 1-80% respectively.  
Due to the small data rates that the existing systems have, the resolution of the 
images is not high and they operate at a low frame rate 2-4 fps. So the design of a 
wireless link with high data rates and with low power consumption can improve the 
performance of the whole system. In the table 2, a few high performance designs are 
compared. 
 
2.4 Power stage 
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Figure 9 
Figure 8 
 
The power stage of an 
endoscopy capsule is the 
most important part. 
Especially for the robotic 
capsules this part is critical. 
Generally, the power stage 
has two different types, the 
battery powered capsules 
and the capsule that uses 
wireless energy 
transmission. It is obvious 
that the second type has the 
advantage of the 
uninterrupted power of the 
capsule. It is known that 
there are commercial 
batteries with high capacity 
and an extra low size. Endoscopic capsules use for power silver-oxide batteries like the 
ones watches use. This type of battery is approved for clinical use.  With this kind of 
batteries, it is impossible to power a robotic capsule, since they can only be used for 
sensor based capsules. 
The category without battery can provide the capsule with much more energy but 
the system for energy harvesting is bigger than a battery. Figure 8 shows such systems 
and comparison with the size of 1-cent coin. A system with high energy consumption is a 
12-legged robotic capsule and consumes up to 300mW of energy! It is obvious that in 
such a system, it is not possible to use only batteries to power it. 
It is clear that in system with low energy consumption, battery is the best solution. But in 
robotic capsules system, the use of wireless energy transfer is more suitable. An inductive 
power transmission has been developed and can deliver up to 150mW. This system is 
designed to work at 1MHz and has an efficiency of about 90%. The selection of this 
frequency was due to the restriction of the SAR, so with this frequency, the absorption 
rate is kept down to 0.4W/Kg. The whole system can fit in 10mm Ø and 13mm length. 
In previous paragraphs sensors/cameras, process unit, wireless and power system 
are discussed. These parts are frequently used in the endoscopic capsules. There are also 
some types of capsules that use three different systems, localization, locomotion and 
intervention & tissue manipulation systems. All of them are used in robotic capsules 
except of the localization system that some sensor capsules are using. 
 
2.5 Localization 
 
To determine where the 
images/video is taken or 
where the robotic 
capsule has to operate, 
localization systems has 
been researched and 
developed. These 
systems give the ability 
to the physician to have 
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Figure 10 Figure 11 
a clear view of the problem when they are looking at an image which is captured from the 
capsule. It helps to know the distance travelled so an intersection or the diagnosis can 
have better results. There are a few ways to locate the capsule in the gastrointestinal (GI). 
The most known and used is the RF localization. It uses the triangulation of the radio 
frequency that the capsule transmits to compute the capsule’s position. RF localization is 
used by the commercial product of Israel Company GivenImage M2A capsule. This 
technique is commonly used due to the fact that it needs only external sensors to find the 
location of the capsule and is not expensive. A work in localization systems reported in as 
shown in Figure 9, found that by the use of 32 external sensors, 16 in front of the patient 
and 16 in the back of the patient great accuracy can be achieved. The system is working 
at 402-405MHz. 
Human gastrointestinal track is a challenging environment for investigation. It has 
the potentiality to move into the abdominal cavity and this means that is difficult to know 
where the pill is located. This problem can reduce the opportunity of a physician to make 
a diagnosis. This system, by providing the location of the pill, may make the captured 
image more understandable. As we mentioned the gastrointestinal (GI) is moving into the 
abdominal cavity so there are many curves and fewer straights surfaces and some images 
are not clear enough, so without the location of the pill it is too hard to understand a 
possible disease. It is obvious that the localization system can take a major role into the 
diagnosis. 
 
2.6 Locomotion 
 
The movement of the capsule is made by the movement of the gastrointestinal (GI), 
named peristalsis. There are typically two main categories of locomotion, the active and 
the passive. Peristalsis is a passive way which doesn’t need any electronic circuits or 
special mechanical design of the capsule. The active category has obtained a lot of 
interest. In passive locomotion, a physician is not able to control the movement of the 
capsule. Due to this problem, critical images will not be captured and the diagnosis will 
be incomplete. By the use of active locomotion the physician can “drive” the capsule and 
take more images, which are probably clearer, at the areas of interest. There are two 
categories of active propulsion methods, internal and external. The internal method uses 
micro mechanisms to move the capsule and the external uses external forces like 
magnetic field. 
Internal method of locomotion uses state of the art electrical and mechanical design 
to work and has been used in current products. Capsule with internal locomotion uses 
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Figure 12 
“legs” for locomotion as shown in Figure 10. The main advantage of this technique is the 
physical contact and the movement can be more precise. There is a lot of research effort 
in internal locomotion techniques. Another technique of locomotion is proposed and it 
uses special alloys that have shape memory. This means that they use this special 
function of these alloys to make movement. There are various ways to create movement. 
Another approach is the propelled capsule, which is using a propeller to give a boost in 
the movement of the capsule. 
 
3 Recent progress on key technologies in WCEs 
 
Recent years, more and more researches have been done in order to improve the 
performance of current WCE products. In the following, we will review the recent 
research progress on the key technologies in WCEs such as image sensors, wireless 
communication, power consumption, external locomotion and image processing. 
 
3.1 Image sensor and image compression:  
 
There are a lot of investigations on the image sensor with the compression algorithm in a 
WCE. Turcza and Duplaga proposed a novel design for an entire pill. A custom CMOS 
sensor with a dedicated image compressor was designed and implemented to provide next 
generation endoscopic pill. The compression algorithm is based on the integer discrete 
cosine transform (DCT) with a low complexity, high efficiency, entropy encoder. The 
entropy encoder uses the adaptive Golomb-Rice algorithm instead of Huffman tables. 
The image sensor captures 320 x 240 pixels per image. Figure 12 shows the compression 
algorithm procedure.  
Shirsat and Bairagi recently proposed a novel method for image compression. This 
method uses a lossless image compressor which is based on integer wavelet transform 
(IWT) and predictive coding and achieves a fast and low complexity algorithm. An 
important factor for wireless capsule endoscopy is the complexity of the compression 
algorithm because by this way the minimum power consumption can be achieved. It is 
also remarkable the low demand of memory for processing of image data. This kind of 
the compression algorithms has significant advantage to be used in future WCEs. 
 
3.2 Wireless transmission 
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Figure 15 
Figure 14 
Figure 13 
Gao et. al has recently 
proposed an entire capsule 
system with a very interesting 
work on wireless 
communication technology in 
the WCE. It was implement in 
0.18μm CMOS QPSK 
transmitter that can achieve up 
to 3Mb/s data rate and an 
OOK receiver with a data rate 
of 500kb/s. The power 
consumption is 5mW at -
6dBm of output power while 
the receiver has a -65dBm sensitivity in 4.5mW. Figure 13 is a photograph of the RF 
SoC. 
Antenna has a major role in the quality of the 
wireless part. Recently, Thotahewa et al proposed an 
excellent work on the design of antennas for the Ultra 
Wide Band. The use of Impulse Radio-Ultra Wide 
Band (IR-UWB) technology promises high data rate 
capabilities with low energy consumption, in small 
factor. This work simulates the performance of such a 
system and namely is focused on the Specific 
Absorption Rate (SAR) and compares the results with 
the international safety regulations.  
Pourhomayoun et al recently proposed a novel 
design of a wireless system where the capsule 
localization is mentioned as shown in Figure 14. The 
use of external sensors can detect the location of the 
capsule wirelessly. By the use of 32 receiver sensor, 
the RMS error is around 1.5 cm. The design of this 
system doesn’t have limitations like the WCE because 
it is outside the human body. Localization systems can 
help the physicians to extract better diagnosis results.  
 
3.3 Power consumption  
 
Power technology has made 
significant progress in recent 
years. Sun et al proposes a 
novel wireless energy transfer 
method. It is an 
omnidirectional antenna 
design. It can effectively 
combine the wireless energy 
from all directions. The 
advantage of this method is 
that the energy reception is 
from any direction. It can 
achieve greater overall 
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efficiency than other designs, without the omnidirectional design. The efficiency is 
increased 16.4% in the center of abdomen. This system gives the opportunity to be solved 
the huge problem of energy. Moreover such system can use more powerful ASICs in 
order to achieve better compression ratio. As a result, high resolution cameras can be 
used. The benefits of this design are not only in camera capsules but they can be used in 
robotic capsules that need more energy for their mechanical parts. 
 
3.3 Locomotion 
 
In the previous section, a description of internal locomotion systems has been presented. 
There is extensive research on capsules with an external locomotion system.  
The method used for external locomotion of capsule is by the use of magnetic 
fields. Such systems have been introduced previously for use inside human’s eye. 
Magnetic locomotion systems have a lot of advantages. The most useful and critical 
advantage of that the system, unlike internal locomotion system, does not need a lot of 
components, just coils or permanent magnets. This means less space is needed. Such a 
system doesn’t need actuation mechanisms and extra batteries for locomotion. In the 
design of an external locomotion system the use of magnetic coils or a permanent magnet 
are taken under consideration. The use of magnetic coils can provide better control of the 
capsule but permanent magnets can provide a stronger magnetic field in a more compact 
system and without the use of a power source. 
It is obvious that the external locomotion technology has a lot of benefits and has 
started researching for a commercial product. In their design for the external magnetic 
coil they used a handheld magnet to generate the magnetic field for the capsule’s 
locomotion. 
The use of external locomotion in capsule endoscopy is a state of the art 
technology. There are also some drawbacks that should be solved. The equipment 
required for control of the capsule’s locomotion is expensive and in some cases the 
patient must stay to the hospital to do the diagnosis. Furthermore the cost of such systems 
may be prohibited for use in small clinics or in doctor’s offices. Although the advantages 
of these systems can provide accurate diagnosis and can perform better biopsy for 
patients. A hybrid system that can combine the advantages of both external and internal 
locomotion can achieve better results and solve the problem of locomotion. 
 
3.4 Image processing 
 
Image processing is another interesting research that helps WCEs. Image processing 
algorithms can be used to help the diagnosis process by providing detection of various 
gastrointestinal disorders. Algorithms for blood detection and Crohn’s disease are already 
implemented. Both of these works provide a new way of detection on the invalid area. 
Figure 16 
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The detection algorithms utilize pixel by pixel comparison for detection. These new 
approaches are focused in the use of a cluster of pixels and not separate pixels. This 
eliminates the detection of some areas where in fact there is no bleeding or having 
Crohn’s disease. In order to achieve better accuracy, machine learning methods such as 
Support Vector Machine (SVM) classifier was used. Figure 16 shows the results. 
 
 
4 Discussion and future outlooks 
 
Capsule endoscopy is a very interesting research area. There are different gastrointestinal 
environments due to various diagnoses need. These are relevant to different types of 
capsules with varying abilities. There are capsules with biosensors and the ability of 
external/internal locomotion for tissue manipulation, or camera capsules without 
locomotion and only a localization system.  
Currently, extensive research efforts focused on the improvement of the limitations 
of the sub-systems in a WCE. It is clear that the resolution of the camera is too low for 
accurate diagnostic purposes. High resolution camera and probably 3D cameras can be 
used and it will change the point of view of the physician. Different placement of the 
cameras can give the ability to capture 360o degrees of view and the gastrointestinal 
mapping can be achieved. The use of CMOS camera sensors and infrared LEDs, can 
capture a different view of the gastrointestinal (GI) and provide more useful data to the 
physicians. In the camera system, there are a lot of research tasks, such as camera lens 
and the ability of them to focus. Compression algorithms are also required for reduction 
of the transmitted data. The design of a low complexity algorithm with high compression 
ratio can reduce the energy required for wireless transmission.  
In the area of sensors, the ability to construct smaller and more accurate sensors can 
provide better results for diagnosis. WCEs with all the required sensors are already in 
use, but WCEs with both camera and sensors has not been implemented yet. Also by the 
use of 3-axis acceleration sensor, the orientation of the pill can be determined. Such 
systems, which combine a camera with 360o view and localization system, can synthesize 
a virtual map of the gastrointestinal (GI) with real images. In a system like this, the 
doctor/physician can “walk” through the virtual gastrointestinal (GI) with the use of 
software in a PC and provide better diagnostic results than current systems.  
There are sub-systems in a WCE that play major role in the final result of the 
diagnosis such as the telemetry and the power supply. The use of a compression 
algorithm combined with a state of the art telemetry system can reduce the energy 
consumption and let the WCE to operate for more time in the gastrointestinal (GI). A 
major disadvantage of existing systems is that the energy of the battery is not enough to 
capture the entire gastrointestinal (GI) and sometimes the interesting area for diagnosis is 
not captured. The use of a wireless energy transfer system can provide the amount of 
energy required to operate until the end of gastrointestinal (GI). An efficient wireless 
energy transfer system can give more energy than a battery, but may require more space. 
The use of such a system can enhance the entire design of the capsule. More energy 
means more power for computations (compression algorithm) and more energy for the 
telemetry system. It is obvious that with more energy, the use of WCE for operation can 
become a reality. Live “streaming” of the camera and a bi-directional telemetry system 
can used for robotic capsules and allow doctors to perform operations to the 
gastrointestinal (GI) without the use of anesthesia and with less recovery time for 
patients.  
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In future systems, different combination of various sub-systems into one capsule 
will be more to see. The abilities of capsule endoscopy are bound to increase and the 
diagnostic and surgical introduction is sure to become a reality. Their size will be 
decreased more and their use in smaller areas, of human body except of gastrointestinal 
(GI) track, will become feasible. Capsule endoscopy promises inexpensive and painless 
surgery without the use of anesthesia. The future of medical diagnosis by the use of WCE 
is bright. 
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Figure 1 Prototype of the pH‐sensing capsule, 
the pH sensor and the half‐rings for impedance 
sensing can observed 
Figure 2 VitalSense pill system
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Figure 3 PillCam horizontal placement of the camera 
Figure 4 SAYAKA pill vertical placement of the camera 
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Capsule/Pill Size mm Vision Resolution Company/University 
PillCam 27x11 CMOS 256 x 256 Given Image 
Norika 23x9 CCD 320×320 RF System Lab, JP 
Endoscope 30x11 CMOS − Uni Kyungpook, KR 
Endocapsule 26x11 CCD 2Mpixel Olympus 
IVP 23x11 CMOS − IMS, DE 
SAYAKA NA CMOS 2Mpixel RF System Lab, JP 
MiRo NA CMOS 320×320 − 
Table 1Existing WCE with camera and their characteristics 
Figure 6 Miniaturized prototype
Figure 5 Wireless transmitter of 2Mbps and 
2mW 
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 Power 
requirements  
[mW] 
Freq. 
[MHz] 
Data 
rate 
[Mbps] 
Shen (2005) 4 mW@1.85V 416 2 
Chi (2007) 7.9 mW@2.5V 2400 1 
Itoh (2006) 1.4 mW@2V 20 2.5 
Liu (2007) 19.5 mW@1.5V 400 1.5 
Hancock (2007) 9.7 mW@1.8V 1.35-1.75 GHz 2 
Turis (2007) 6 mW@1.7V 120 1 
2Mbps-2mW TX (2008) 2 mW@1.9V 144 2 
UHF Transmitter(2010) 3.9mW@2.5-3.3V 400 3 
A Low-Power 13.56 
MHz(2012) 
0.594mW@1.8V 13.56 - 
2 Mbps FSK near-field 
transmitter(2009) 
2mW@1.8V 144 2 
Wireless power  and data 
transmission(2011) 
5mW 333 2 
Low-Power Ultra wideband 
Wireless Telemetry(2011) 
0.35mW 3-5GHz 10 
A Low-Power, High Data-
Rate  
CMOS ASK(2012) 
7.2mW@1.8V 902-928 15 
Table 2 Comparison table of existing wireless systems for capsule endoscopy 
 
Figure 7 Die photo of the transceiver system
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Figure 8 3D coils of an energy harvesting system compared 
with the size of 1‐cent coil 
Figure 9 Simulation of 32 sensor localization system 
Figure 10 Capsule with legged locomotion
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Figure 12 Block diagram of the compression algorithm 
 
 
 
 
 
 
 
 
 
 
 
Figure 11 Olympus Inc. magnetic locomotion 
capsule concept
Figure 13 Photograph of the entire IC with individual 
parts 
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(a)                                          (b)                                           (c)          
Figure 16 (a) There is the uncompressed-unprocessed image, (b) the blood detection 
made without the use of proposed algorithm, and (c) the machine learning based 
algorithm is used. 
Figure 14 Sensors arrangement 
for capsule localization 
Figure 15 Design of the omnidirectional energy receiver 
